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(57) ABSTRACT

The invention relates to nanotechnology and is directed at
nanocomposite materials with effectively controllable optical
properties which can be used in non-linear optics, informa-
tion engineering, for designing optical memory means etc.
The inventive nanocomposite material comprises nanopar-
ticles, intermediate bonding molecule particles which modify
the space configuration when they are exposed to an external
light action, and bondable molecule particles which exhibit
the optical properties near nanoparticles, wherein the nano-
particles, intermediate bonding molecules and bondable mol-
ecules are connected in series so as to form a three-dimen-
sional cluster structure. Moreover, the intermediate bonding
molecule particles which modify the space configuration
when they are exposed to an external light action can contain
additional inclusions in the form of functional substituents
which enhance the bonding properties thereof.

8 Claims, No Drawings
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1
NANOCOMPOSITE MATERIAL

RELATED APPLICATIONS

This Application is a Continuation application of Interna-
tional Application PCT/RU2008/000398 filed on Jun. 27,
2008, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The invention relates to nanotechnology and is directed
toward the creation of nanocomposite materials with effec-
tively controllable optical properties which can be used in
non-linear optics, information technology, optical memory
media design, and so forth.

BACKGROUND OF THE INVENTION

Nanocomposite materials based on nanoparticles in com-
bination with bonding components (RU 2224710 C2, B§2B3/
00, 2004; RU 2233791 C2, B82B3/00, 2004; RU 2288167
C2,B82B1/00, 2004) are known from pertinent art. However,
the qualitative composition of the ingredients of the known
nanocomposite materials do not contain particles with modi-
fiable optical properties; this does not permit control of their
optical properties such as luminescence, and limits the func-
tional and manufacturing process possibilities of nanocom-
posite materials.

SUMMARY OF THE INVENTION

The invention is directed toward the creation of a nano-
composite material with expanded functional possibilities,
with the capacity to efficiently modify its optical properties
under an external effect, primarily in the form of light radia-
tion.

The solution of the objective posed is provided by the fact
that in the nanocomposite materials based on nanoparticles,
according to the invention, the structure of the nanocomposite
material additionally contains intermediate bonding mol-
ecules—particles modifying their spatial configuration on
external light exposure—and bondable molecules—particles
exhibiting optical properties in the vicinity of the nanopar-
ticles—where the nanoparticles, intermediate bonding mol-
ecules, and bondable molecules are connected in series, with
the formation of a three-dimensional cluster structure.

Moreover, the intermediate bonding molecules—particles
of nanocomposite material which modify their spatial con-
figuration on external light exposure—can contain additional
inclusions, functional substituents which enhance the bond-
ing properties thereof.

The technical result, which consists in the creation of nano-
composite materials with expanded functional possibilities—
the capacity to effectively modify their optical properties on
external light exposure (and, correspondingly, in the expan-
sion of the arsenal of technical means for a specific purpose—
of nanocomposite materials)—does not follow from the
known art, and is determined by the presence in the nanocom-
posite materials of intermediate bonding molecules—par-
ticles whose spatial configuration, primarily length, is modi-
fied on exposure to light at certain wavelengths, and
accordingly, the distance between the nanoparticles, close to
which are localized strong electromagnetic fields—and by
bondable molecules, particles with optical properties that are
efficiently manifested/modified close to the nanoparticles. At
the same time, a change in distribution occurs—a distortion
of the electromagnetic field of the bondable molecules, par-
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ticles with optical properties—that causes a change in the
lifetime of excited atoms and molecules of the latter, affects
the rate of electron transitions that govern the processes of
absorption and spontaneous radiation of light, and accord-
ingly leads to a reversible alteration of the spectral character-
istics and optical properties of said nanocomposite materials
as a whole.

VARIANTS OF EMBODIMENT OF THE
INVENTION

Metallic (for example, gold), semiconductor, or dielectric
nanoparticles of spherical, ellipsoidal, acicular, bar-shaped,
pyramidal, or other form in which the greatest efficiency of
modification of the properties of the bondable molecules is
achieved, may be used as nanoparticles of the nanocomposite
materials in the implementation of the method applied for.

Particles with luminescent, photochromic, polarizing, or
other optical properties that are efficiently manifested/modi-
fied close to the nanoparticles (such as cadmium selenide)
may be used as bondable molecules.

Particles that change their spatial configuration (for
example, isomerize) on external light exposure at a certain
wavelength (photoinduced transition)—primarily organic
molecules with a double bond of the carbon-carbon, carbon-
nitrogen, or nitrogen-nitrogen type, and others capable of
cis-trans isomerization (for example, azo dye molecules)—or
on exposure to an electromagnetic field (electrochromic tran-
sition), may be used as bonding molecules, which through the
formation of chemical bonds provide stability of the nano-
structure.

Functional substituents that enhance the bonding proper-
ties of intermediate bonding molecules, for example, an
amino group (—NH2), aldehyde (—CHO), thio group
(—SH), carboxyl (—COOH), or hydroxyl (—OH), or other
groupings containing these groups may be used as additional
inclusions.

The nanocomposite material is obtained in the following
manner.

Bonding molecules containing two thio groups of the azo
dye particle 4,4'-dithiomethyl azobenzene, that change their
spatial configuration as a result of transition from the trans
state to the cis state on exposure to radiation at a wavelength
of 365 nm, and the reverse transition on exposure to visible
light at a wavelength of 435 nm, wherein the length of the
molecule—an azo dye particle—changes from 9.5 nm to 5.5
nm and back, are introduced in a 1:12 ratio into an aqueous
suspension, for example, of nanoparticles of colloidal gold,
12-15 nm in diameter. Upon mixing, a ligand envelope of
bonding molecules, particles of the azo dye, forms on the
surface of the nanoparticles of gold. To the system thus
obtained, and in the same 1:12 ratio to the gold nanoparticles,
is added an aqueous suspension of bondable molecules, col-
loidal particles of cadmium selenide (CdSe), on the optical
properties of which the gold nanoparticles exert an effective
influence (at a distance between the CdSe particles and the
gold nanoparticles up to 10 nm, a maximum intensification of
the photoluminescence of the CdSe particle up to 5-fold is
provided, while at small distances on the order of 2-5 nm, the
photoluminescence is suppressed due to resonant energy
transfer from the photoexcited quantum particles of CdSe to
the metal particles, i.e., the gold nanoparticles). In the pro-
cess, deposition on the free thio groups of the ligand envelope
of gold nanoparticles of the bondable molecules, particles of
cadmium selenide, takes place, with the formation of macro-
molecules that form a three-dimensional cluster structure of
nanocomposite material. The prepared suspension of nano-
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composite material is placed on a mirror glass support and
dried until the formation of a nanocomposite film.

In the process of controlling the optical properties, the
nanocomposite material obtained is irradiated for several sec-
onds with radiation at a wavelength of 365 nm, which con-
verts all bonding molecules, azo dye particles, to the cis state,
in which the distance between the gold nanoparticles and the
bondable molecules, particles of cadmium selenide (CdSe), is
9.5 nm. This, upon excitation (irradiation) of the nanocom-
posite material by light at a wavelength of 530 nm, generates
intense red luminescence at a wavelength of approximately
670 nm that corresponds to the direct interband transition of
the bondable molecules, particles of cadmium selenide. In
order to modify the optical properties, nanocomposite mate-
rial capable of intense luminescence is irradiated for several
seconds with by light with peak radiation close to 435 nm; this
leads to isomerization of the bonding molecules, azo dye
particles, (thus to conversion of the molecules, azo dye par-
ticles, to the trans state) and to a decrease in the distance
between the gold nanoparticles and the bondable molecules,
particles of cadmium selenide, to 5.5 nm. Here, the subse-
quent excitation of the nanocomposite material by light at a
wavelength of 530 nm generates luminescence, but its inten-
sity is decreased by a factor of several tens. With repeated
irradiation by light at a wavelength of 365 nm, the capacity of
the nanocomposite material for intense red luminescence on
exposure to exciting radiation at a wavelength of 530 nm is
completely restored.

The nanocomposite material structure applied for may be
used as a means for optical recording and information readout
owing to the possibility of effective and point-wise control of
optical properties in the following manner.

The nanocomposite material is preliminarily uniformly
irradiated by light at a wavelength of 435 nm, which converts
the bonding molecules, azo dye particles, to the trans state.
Then this nanocomposite material, characterized by low
intensity of luminescence, is irradiated by point-wise flash
exposure through a mask, for example, with 0.3 mm diameter
openings, for a tenth of a second by focused radiation at a
wavelength of 365 nm, which converts the bonding mol-
ecules, azo dye particles, to the cis state only at places that
correspond to the distribution of the openings in the mask and
are subjected to irradiation. With uniform excitation of the
nanocomposite material by light at a wavelength of 530 nm,
apoint pattern of luminescence appears, precisely replicating
the mask. Such a point pattern of luminescence replicating the
mask is kept in darkness for an unlimited time, and can be
reproduced at any time by excitation at a wavelength of 530
nm, or erased by subsequent uniform flash exposure with
radiation at a wavelength of 365 nm or 435 nm.

What is claimed is:

1. A nanocomposite structure, comprising:

a support; and

a film of nanocomposite material disposed on the support
and formed from a dried aqueous suspension including:
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first nanoparticles formed from first material(s) having
modifiable optical properties using exposure of the
nanocomposite structure to optical irradiation at pre-
determined wavelengths or to pre-determined electro-
magnetic fields;

second nanoparticles formed from second material(s)

capable of affecting the modifiable optical properties of
the first nanoparticles; and

third particles formed from third material(s) which modity

their spatial configuration via cis-trans isomerization or
electrochromic transition, and are directly connected to
the first nanoparticles and second nanoparticles, thereby
forming a three-dimensional cluster structure;

wherein the first material(s) are colloidal particles of cad-

mium selenide (CdSe); and

wherein the third material(s) (i) have molecules with

double carbon-carbon bonds, carbon nitrogen or nitro-
gen-nitrogen bonds, or (ii) include thio groups having
azo dye molecules.

2. The nanocomposite structure according to claim 1,
wherein the first material(s) further include additives selected
from the group consisting of amino group materials (—NH2),
aldehyde group materials (—CHO), thio group materials
(—SH), carboxyl group materials (—COOH), and hydroxyl
group materials (—OH).

3. The nanocomposite structure according to claim 1,
wherein the modifiable optical properties of the first nanopar-
ticles include luminescent, photochromic or polarizing prop-
erties.

4. The nanocomposite structure according to claim 1,
wherein the second material(s) are selected from the group
consisting of metals, semiconductors, and dielectrics.

5. The nanocomposite structure according to claim 1,
wherein the second material(s) include gold (Au).

6. The nanocomposite structure according to claim 1,
wherein the third material(s) include azo dye.

7. The nanocomposite structure according to claim 1,
wherein the support is a mirror glass substrate.

8. The nanocomposite structure according to claim 1,
wherein:

the support is a mirror glass substrate;

the first material is colloidal particles of cadmium selenide

(CdSe);

the second material is gold (Au);

the third material is 4,4'-dithiomethyl azobenzene;

cross-sectional dimensions of the first and third nanopar-

ticles are about 9 nm;

cross-sectional dimensions of the second nanoparticles are

about 12-15 nm;

a ratio between the third and second nanoparticles in the

suspension is 1:12 by weight;

a ratio between the first and second nanoparticles in the

suspension is 1:12 by weight; and

the pre-determined wavelengths of the optical irradiation

are 365 nm, 435 nm, or 530 nm.
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